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ACTUATION MECHANISM FOR BRAILLE
DISPLAYS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to the field of refre-
shable tactile displays. More specifically, the present inven-
tion relates to an improved refreshable Braille display for use
by the visually impaired.

2. Description of Related Art

Braille 1s the method that visually impaired individuals use
to read and write. It consists of letters, numbers, and symbols
represented as distinct patterns of dots. A refreshable Braille
display 1s a device that 1s capable of refreshing or changing a
pattern of Braille dots as the user reads each line from the
display. Generally, such a display utilizes only one line of
characters that can constantly change. Most current refresh-
able Braille displays use 20, 40 or 80 characters, or cells, of
Braille for the line of text.

Currently available refreshable Braille displays generally
use a piezoelectric (PZ1) reed to actuate the dots using an
clectric field. While mechanically effective, this method of
actuation 1s very expensive, has a high rate of scrapped mate-
rial, and needs a significant amount of tedious hand assembly
and wiring, resulting 1n substantial manufacturing costs. The
cost of Braille displays are generally proportional to the num-
ber of cells of 8 dots that they contain. The prices of displays
range anywhere from 1,600 dollars for a 20 cell display, to
7,000 dollars for a tull 80 cell display. These steep costs have
prevented many visually impaired individuals from having
access to such displays.

As such, there exists a significant need for an improved
refreshable Braille display that 1s constructed 1n a way which
provides a cost-elfective actuation method and greatly
reduces the costs and complexity of manufacture.

SUMMARY OF THE INVENTION

The present invention provides an improved refreshable
Braille display including a housing, bias compression
springs, sliding blocks, pins, and a shape memory alloy wire.
The sliding block 1s actuated by the interaction between the
bias compression spring and the shape memory alloy wire.
The shape memory alloy wire 1s then activated by current
driven from a power supply 1n either a modulated or unmodu-
lated fashion.

DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated, as the same becomes better understood by ret-
erence to the following detailed description when considered
in connection with the accompanying drawings wherein:

FIG. 1 represents a visual depiction of a single tactile
display pin of the present invention;

FIG. 2 represents a visual depiction of the tactile display
apparatus of the present invention; and

FIG. 3 represents a visual depiction of martensite and
austenite phases.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an improved refreshable
Braille display including a housing, bias compression
springs, sliding blocks, pins, and a shape memory alloy wire.
In the present invention, the actuation of each Braille dot
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2

requires only one moving part, the sliding block. The sliding
block 1s actuated by the interaction between the bias com-
pression spring and the shape memory alloy wire. The shape
memory alloy wire 1s then activated by current driven from a
power supply.

The design of the present invention 1s based on a wire that
actuates when connected to current. In the preferred embodi-
ment, shape memory alloy wire 1s used, though it should be
noted that the invention i1s operable using any wire demon-
strating similar properties. Examples of such shape memory
alloy wires include nitinol and Flexinol®. It should further be
noted that while the preferred embodiment employs a shape
memory alloy wire, other shape memory alloy structures such
as ribbons could similarly be employed. The cell of the
present invention 1s used to actuate a single pin, and a series of
such pins can be easily configured to construct an 8-pin cell or
20-pin (or more) cells, as are known to those of skill in the art.

The shape memory alloy wire used in the preferred
embodiment of the present invention 1s a material made of a
nickel-titanium alloy (wherein the nickel and titantum are
present 1n an almost perfect 50/50 ratio). The structure
formed by this exact alloy allows for a martensitic transior-
mation at a specific temperature which 1s reversible. The
martensitic transformation takes place between the marten-
site phase and the austenite phase. Austenite 1s a crystalline
phase 1 which a face centered cubic structure 1s formed.
Martensite 1s a crystalline phase 1n which a body centered
tetragonal structure 1s formed, as seen 1n FIG. 3. This mar-
tensitic structure 1s attained when austenite 1s cooled. This
transition between the two structures, deemed the martensitic
transformation, requires minuscule amounts of thermal acti-
vation energy.

The use of a shape memory alloy wire such as nitinol or
Flexinol® as the primary activation method in the preferred
embodiment 1s due to 1ts ability to contract. This can be
demonstrated by the change in 1ts phases. Martensite has a
lower density than austenite. As depicted in FIG. 3, 1t 1s
apparent that martensite has a less compact structure than
austenite due to 1ts body centered tetragonal structure. When
the wire, 1n 1ts stable martensitic phase, 1s introduced to
thermal energy 1t goes through a transformation into an aus-
tenitic phase. This austenitic phase 1s denser than the previous
martensitic phase. This increase in density results in a
decrease 1n the overall length of the wire. Again, 1t should be
noted that although the preferred embodiment uses a shape
memory alloy wire such as nitinol or Flexinol® as the pri-
mary activation method, other materials which display simi-
lar properties can also be implemented within the present
invention.

In operation, when the pin of the present invention needs to
be lowered (1n order to display a Braille character), the shape
memory alloy wire contracts, thereby acting against a com-
pression spring. This position of the dot can be called its
excited state. When the pin needs to be raised, the power 1s
shut off to the wire and the compression spring returns dot to
its up position, which can also be called its steady state.

When a current 1s sent through the shape memory alloy
materal, 1t has the ability to flex or shorten by anywhere from
three to five percent of 1ts total length. When the energy 1s cut
from the load 1t then returns to 1ts original length with some
help from a small bias spring.

An electric current 1s applied to the shape memory alloy
wire 1n order to actuate the present invention. In order to
reduce power consumption and prevent overheating or mal-
function, a pulse width modulated power supply or other
power supply that can supply lower average current during
the hold cycle 1s implemented 1n order to manage the electric
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current flowing to the shape memory alloy wire of the present
invention. In the preferred embodiment, the pulse width
modulator 1s used to supply the wire with the lowest current
that will keep the shape memory alloy wire 1n 1ts austenite
phase, thereby reducing power consumption and reducing the
time required for the pin to return to 1ts unexcited state when
power 1s removed.

FIG. 1 depicts a single pin of the present invention in the
“up” or raised position. Element (1) refers to the sliding
block, (2) 1s the pin, (3) 1s the bias spring, and (4) 1s the shape
memory alloy wire. When the wire (4) 1s activated, the sliding,
block (1) retracts and gravity makes the pin (2) fall. When the
wire 1s deactivated, the material recovers to 1ts original length
with help from the bias spring (3). The recovery of the wire
and expansion of spring forces the sliding block back to 1ts
original position. This movement of the sliding block back to
its original position forces the pin upwards. The size of the
wire allows for a plurality of these assemblies to sit side by
side and stagger vertically forming the 8-pin cell needed for
the display, as depicted 1n FIG. 2. The actuation comes from
the contraction of the wire and from the recovery from the
compression spring returning to equilibrium. Another advan-
tage of the use of a sliding block 1s that it separates the forces
applied by the user of the device and those required to actuate
the pin. Thus neirther the bias spring or the shape memory
alloy wire are required to support the forces applied by the
user.

The housing (5) of the present invention 1s preferably con-
structed using an acetal copolymer. In the preferred embodi-
ment, the copolymer Hostaform® 1s used, which 1s a combi-
nation of acetal (polyoxymethylene) and PTF
(polytetratluoroethylene). This combination produces a poly-
mer with good mechanical properties along with low friction
surfaces. It should be noted that any substance demonstrating
similar physical properties could be substituted for the pre-
terred embodiment’s acetal copolymer. The acetal copoly-
mer’s low friction surfaces ensure ease of movement between
the sliding block/housing interface and the pin/housing inter-
face. Cooling holes are included, and are located near the
shape memory wire, allowing for heat dissipation. Each wire

(L]

used 1n the present invention will give ofl a certain amount of

heat and this energy will need to be dissipated when the pins
cycle.

In the preferred embodiment, the shape memory alloy
wires having a 0.005 inch diameter are used, though the
present invention can be modified to use wires of other diam-
cters. Ideally, the wire diameter should allow for a low power
usage which also demonstrating a significant pull force.

The pins of the present invention are preferably designed to
a length were they will protrude 0.9 mm when in the steady
state position and be level with the cap (6) when 1n the excited
state position. The bottom of each pin has a profile that runs
along the sliding block to aid 1n minimizing the force required
to lift up the pin. Each pin also preferably has a ridge that
touches the 1nner surface of the cap. Additionally, a living
hinge type mechanism may be implemented to connect the
assembly to the housing of the present invention.

The sliding block of the present invention 1s moved by the
shape memory alloy wire and spring to move the pin up and
down. The front of the sliding block has a profile that aids 1n
mimmizing the force on the pin while 1t slides underneath to
bring the pin to the desired 0.9 mm height. The back portion
of the sliding block preferably has a small slot cut out for the
shape memory alloy wire. This back portion acts as a crimp to
secure the wire and spring 1n place.
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4

The bias spring of the present invention is used to move the
sliding block forward and to act as a bias on the wire to help
it recover faster aiter the wire contracts.

The present invention also includes a circuit which prefer-
ably includes two 535 timers which supplies the electric
current to the shape memory alloy wire of the present inven-
tion, and also modulates the electric supply to the wire. The
present ivention can be embodied to operate using either
modulated or unmodulated power delivery.

Obviously, many modifications and variations of the
present invention are possible in light of the above teachings.
It 1s, therefore, to be understood that within the scope of the
appended claims, the mvention may be practiced otherwise
than as specifically described.

What 1s claimed 1s:

1. A refreshable tactile display pin comprising:

a pin that can be raised and lowered, and

a sliding block slidable to contact said pin and raise said

pin, and to retract from contact with said pin and render
lowerable said pin, said sliding block connected to a
single bias compression spring for biasing said sliding,
block 1nto contact with said pin, said sliding block being
additionally connected to a single wire having shape
memory properties that upon activation shortens in
length 1n opposition to said bias compression spring, for
causing said sliding block to retract from contact with
said pin;

wherein the single compression spring and single wire

extend from only a first side of the sliding block.

2. The display pin of claim 1, wherein said wire 1s defined
as a nitinol wire.

3. The display pin of claim 1, wherein said wire 1s activated
with an electric current.

4. The display pin of claim 1, further including a power
supply for providing an electric current to the wire.

5. The display pin of claim 1, further including a pulse
modulator for modulating the electric current applied to the
wire.

6. A relreshable tactile display apparatus comprising: a
plurality of tactile display pins as described in claim 1, and a
housing for containing the plurality of pins.

7. The display apparatus of claim 6, wherein said wire 1s
defined as a nitinol wire.

8. The display apparatus of claim 6, wherein said wire 1s
activated with an electric current.

9. The display apparatus of claim 6, further including a
power supply for providing an electric current to the wire.

10. The display apparatus of claim 6, further including a
pulse modulator for modulating the electric current applied to
the wire.

11. The display apparatus of claim 6, wherein said housing
1s constructed from an acetal copolymer.

12. The display apparatus of claim 6, wherein said housing
includes cooling holes for heat dissipation.

13. A refreshable tactile display pin comprising:

a pin that can be raised and lowered, and

a shiding block slidable to contact said pin and raise said

pin, and to retract from contact with said pin and render

lowerable said pin, wherein the sliding block comprises:

a first end;

a bias compression spring connected to only the first end
of the sliding block for biasing the sliding block 1nto
contact with the pin;

a wire having shape memory properties connected to
only the first end of the sliding block; and

a second end opposite the first end;
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wherein the wire moves the second end of the sliding
block 1nto and out of contact with the pin.

14. The display pin of claim 13, wherein said wire 1s
defined as a nitinol wire.

15. The display pin of claim 13, wherein said wire 1s 5
activated with an electric current.

16. The display pin of claim 15, further including a pulse
modulator for modulating the electric current applied to the
wire.

17. A refreshable tactile display apparatus comprising: a 10
plurality of tactile display pins as described 1n claim 13, and
a housing for containing the plurality of pins.

18. The display apparatus of claim 17, wherein said wire 1s
defined as a nitinol wire.

19. The display apparatus of claim 17, wherein said hous- 15
ing 1s constructed from an acetal copolymer.

20. The display apparatus of claim 17, wherein said hous-
ing includes cooling holes for heat dissipation.
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